Event history analysis is used to examine the process of becoming a full professor of economics in Sweden. The data encompass 256 Swedish doctors' dissertations in economics between 1951 and 1989. A piecewise constant exponential model is specified for the transition risk of becoming a full professor. The risk decreases with age at the defense of a doctoral thesis and increases with the current popularity of the chosen topic and with the number of times appointed faculty opponent. There is no indication of individual-specific unobserved heterogeneity in the preferred model.
I. Introduction
What influences the changes of being appointed professor of economics in Sweden? Are there any common denominators in professional histories that may affect an aspiring economist's career outcome in this respect? Even though good theoretical models do not exist, and previous approaches are not sufficient to provide any answers, this study attempts, for the first time, to address these issues.
Ever since the 1960s, when the economics of education with its concept of human investment was established through pioneering work primarily by Mincer (1958) , Schultz (1961) and Becker (1964) , there have been numerous empirical studies of different aspects of the supply of and demand for different levels of education. Although the general framework of this kind of study may be of relevance here, 1 the focus of our study is not on choice of education level, but on the determinants behind the actual state transition from doctor to full professor. Although our data set includes information as far back as 1895, when the renowned economist Knut Wicksell presented his doctoral thesis, the analysis is concentrated to the period after the Second World War (i.e., the period between 1951 and 1989). In the early years, the process generating full professors was distinctly different from that of later years; the successful completion of a thesis used to be an almost certain guarantee of a chair, whereas in later years a number of different factors may influence the appointment process.
In this paper, we study the process of becoming a professor of economics in Sweden by means of event history analysis, where statistical methods are used to analyse time intervals between successive state transitions or events. Compared to traditional time-series or panel data, event histories are often better suited to the dynamic character of empirical phenomena.
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II. Econometric Methodology
The analysis is carried out by applying event history models in an economic setting. The general model is a continuous-time model which defines a state space and the set of feasible transitions between states. We treat the time after presentation of a thesis as a stochastic variable which defines the waiting time for becoming a full professor. If the person becoms a full professor before the end of the observation period, the waiting-time period is an uncensored spell; if not, it is a censored spell.
To estimate the risk of leaving the doctor 3 state, the conditional hazard at duration t has the following functional form from the origin state:
where l denotes the time period. By splitting points on the time axis 0 = 1 2 3 . . . m with mǹ1 = e, we get m time periods I 1 = {t " 1 Ot lǹ1 } l = 1, 2, . . . , m and, for the transition, the constant ¯ 1 is a coefficient associated with the l th time period. x is a row vector of explanatory variables, and is an associated vector of coefficients assumed not to vary across time periods. The parameters of the model are estimated by the maximum-likelihood method. Under certain slight restrictions, these parameters are consistently estimated and asymptotically normal.
III. The Swedish Post-Graduate System, Data and Variables
The development of the economics discipline in Sweden may be characterized in terms of four different evolutionary phases or periods: ''The Founding Fathers '', approximately 1889-1926 For the sake of completeness and to provide a general overview, we present summary statistics for the entire period between 1895 and 1993 in Table 1 . Since institutional characteristics as well as academic requirements and traditions between 1895 and the period immediately following WWII were distinctly different from those prevalent during the years of ''Welfare State Economics'' and ''Economics the American Way'', our analysis focuses on the latter period.
The actual selection of a professor is based on evaluation reports by a committee, usually consisting of three senior professors (generally suggested by all Swedish economics departments). Until 1974, the final appointment of a full professor was made by the King-in-Council. Between 1974 and 1988 , appointments of tenured professors were made by the Government based on the recommendation of the university in question. From the end of the 1970s until 1988, ''extra'' professors were also appointed by the universities. Between 1988 and 1993, the Government or the universities made the appointments. Since 1993, however, appointments are made solely by the unversities themselves.
According to the prevailing regulations, it is possible to become a full professor up until the age of 65. Consequently, this bound is the upper limit in our calculations. In the case of doctors who died before this age, we use date of death, when known, as the upper limit. Similarly, it is most unlikely that economists become full professors within two to three years of their doctoral dissertations. Consequently, we restrict the sample by selecting 1989 as the last year of analysis. 5 The number of observations is thus reduced from 340 to 256.
In economic theory there are three major models that explain the function and role of education in society. According to traditional economic theory, education may be seen as an investment in human capital and primarily regarded as a function of changes in the profitability of such an investment. Apart from this original theory, a number of theories and hypotheses have emerged that may be characterized in terms of the function attributed to education: education regarded as consumption and education regarded as a screening process or filter.
These theories, however, are better suited to the study of investment in education for future earnings. Investments made in order to become a full professor are different from investments in education. In Sweden, although wages differ with education level, the prospect of higher income opportunities is not a probable driving force for an individual aspiring to become a full professor. Most often, the case is the opposite, i.e., an academic researcher (professor) does not earn as much as an academically inactive economist. Unquantifiable factors such as scientific satisfaction and higher social status may be regarded as more plausible reasons for such an investment.
Although the general framework of the above models may provide some understanding of issues related to the educational choices of individuals, or of the relations between education and earnings, the models do not suffice to provide determinants of the state transition from doctor to full professor. The fact that there is no fully developed model in this field should not, however, present an insurmountable obstacle. We can still establish some working hypotheses:
(i) Age is negatively related to the risk of becoming a full professor.
(ii) Being female reduces the risk of becoming a professor. Other studies make it difficult to neglect this variable. In a study of departments of economics, Koplin and Singell (1996) concluded that their ''findings are consistent with the existence of employment discrimination in research-oriented departments'', Wennerås and Wold (1996) found that gender influenced the scores for ''competence'' given to applicants for post-doctoral fellowships in medicine in 1995, while Goggin (1992) found that female historians had been discriminated against in different ways. (iii) The choice of an internationally fashionable and productive research field is positively related to the risk of becoming a professor. (iv) Choice of university is important. Dixit, Honkapohja and Solow (1992) have pointed to differences in post-graduate training among Swedish universities. (v) The variable faculty opponent is a measure of a doctor's level of activity. Since this quality is most certainly appreciated among those who exert influence on professorial appointments, it should be positively related to the risk of becoming a full professor.
All of the variables included in the study and their summary statistics are listed in Table 1 ; they provide an overview of key features of the postgraduate tradition in the discipline for almost a century. Obviously, the profile of the individuals who have presented theses in economics, as well as that of the theses themselves, has changed over time with respect to a number of vital characteristics.
Both the number of theses and the age (both mean and median) of the authors increased steadily over the periods. At the beginning of the 1970s, new rules for the doctoral degree were introduced to shorten the time spent taking the degree and the required length of the thesis. Although these changes apparently did not have the effects intended, they probably constitute the main reason for the dramatic increase in the number of theses since the 1970s.
The mean waiting time (average time before the doctor becomes a full professor) decreased over the four periods, from 20.79 years in 1895-1926 to 7.92 years in 1976-93. However, the value 7.92 underestimates the mean waiting time, since it does not allow sufficient time for doctors who defended their theses during the final years to become full professors. During the period of study, the mean waiting time was 13.17 years.
The international influence on Swedish economics has gradually increased and changed direction. Thus, in the period 74 per cent of all theses were in Swedish, 22 per cent were in German and only 4 per cent were in English. Between 1990 and 1993, however, 4 per cent of the theses were in Swedish while 96 per cent were in English. (These figures are not included in Table 1.) Although the proportion was reduced during the last period of study, when Gothenburg produced the highest number of doctors of economics, As expected, the technical revolution is reflected in the steadily increasing complexity of theses as measured by the proportion of mathematics and quantitative methods applied. As indicated by the classification codes, there has also been pronounced diversification into new fields.
The inverse Beveridge measure (IBM) is calculated as the ratio between the number of professors appointed during a given year 6 to the number of the last 20 years' stock of doctors who have not become full professors. The variable corresponds to the ratio between vacancy and unemployment used in labour economics. Compared to period (3), the IBM value is considerably lower in period (4). Of course, in the academic market, the chance of becoming a full professor will increase along with the official opportunities of becoming a full professor. The low value during period (4) reflects the fact that there were relatively many doctors and few appointments.
7
IV. Empirical Results
As might be expected, the hazard risk of becoming a full professor of economics in Sweden increases during the years immediately after the doctor has defended his/her thesis. Figure 1 Except for period (4), the hazard risk first increases and then decreases. Since the observation window is not yet terminated for period (4), the risk is incresing over the period. Although the non-parametric hazard graphs display similar shapes for periods (3) and (5), the waiting times before reaching the highest risk are different. During period (3), academically active researchers face the highest risk after 10 years, while the highest risk occurs after 15 to 18 years during the period of study. Risks are very low after 18 years' waiting time.
Consequently, an initially increasing and then decreasing shape seems appropriate as a hazard curve. In order to capture this type of duration dependency, we used both a piecewise constant exponential model and a quadratic model. To determine the appropriate length of the time periods, we made repeated tests to find out when the parameters of different time segments provided significant estimates. We found that a piecewise constant exponential model with explanatory variables would fit the data best. By means of a graphic test we found that, compared to the quadratic model, the piecewise constant exponential model performs more accurately with respect to the chosen time periods.
Thus, Table 2 shows results 8 based on a piecewise constant exponential function, chosen as the best representative of the duration dependence of becoming a full professor of economics. In the table, the ''preferred'' 8 In order to avoid numerical problems, we scaled the duration variable and the variable age at defense of doctoral thesis, dividing by 100. Fig. 1 . Life-table hazard estimates, periods 1951-75, 1976-93 and 1951-89 (2) and (3) we only report coefficients of the variables included in the ''preferred'' model. As might be expected, all significant estimates in the univariate models lose their power in the multivariate model. Some significant parameters lose power in absolute terms and become insignificant. This may be a consequence of the fact that the overall significance level falls as the number of explanatory variables now constitutes a large proportion of the total sample size.
The duration parameter estimates have the same signs for the univariate and multivariate models. Furthermore, the size of the parameters is very similar. From observing these estimates, we conclude that the hazard curve follows the shape of an inverse U.
The ''preferred'' model includes relatively more important factors explaining the phenomenon of becoming a full professor of economics in Sweden since WWII and, statistically, it fits the data well. Predicted residuals on the diagonal indicate a strong correspondence between the observed data and the model applied.
With the exception of the multivariate model (3), the parameter for the age at defence of a doctoral thesis is estimated to be negatively significant. Consequently, increasing age delays full professorship, and each additional year that passes before becoming a doctor reduces the hazard of becoming a full professor of economics.
Thesis language and the proportion of pages with mathematical equations have significantly positive effects on the hazard of becoming a full professor. The hazard risk is 2.9 times higher for authors who have written theses in English compared to those who have written in Swedish. By using mathematical functions, the risk of becoming a full professor of economics also increases.
Thesis classification code is also important. If doctors choose a topic in the internationally fashionable and productive manpower, labour or population economics category, their risk of becoming a full professor is higher compared to that of the doctors choosing other topics.
The last parameter estimated to be significant in all of the models is number of times as faculty opponent. As pronounced diversification, specialization and international communication have made it increasingly difficult to be appointed faculty opponent (see Table 1 ), being active in this respect has a significantly positive impact on the prospects of becoming a full professor in Sweden. (Young faculty opponents may, of course, be appointed according to criteria correlated with those used when appointing professors.) All other coefficients are estimated to be insignificant.
By means of a score test procedure, the ''preferred'' model 9 was tested for neglected unobserved heterogeneity. The value of the resulting test statistic, 0.140, indicates that there is no neglected unobserved heterogeneity at any reasonable level of significance in the model. Consequently, it is hard to assert any impact of the individual-specific unobserved factor on the risk of becoming a full professor.
V. Concluding Remarks
Since this is the first time that the actual state transition from doctor to full professor in Sweden has been studied, we have sought guidance from contiguous models and drawn on the history and special characteristics of the topic when establishing our working hypotheses.
Our findings with regard to all variables except gender and university support our hypotheses. The gender variable shares one common feature with other variables that were estimated to be insignificant: on average, their relative proportions are small. Not surprisingly, the variables age, classification codes for thesis, faculty opponent, mathematics and language (i.e., the use of English as one's thesis language) were found to be significant. During the period of study, the use of mathematics as well as internationalization have increased in economics, and it is only natural that those who have been at the forefront of this development are given credit. The importance of keeping in touch with international trends is also reflected in the classification codes and faculty opponent variables.
Based on these findings, we may offer the following points to aspiring Ph.D. students: (i) Before taking your degree: Age is a critical factor, complete your doctorate when you are as young as possible. (ii) While working on your thesis: Choice of topic is most important.
Your preferred choice should be one that is currently popular and expanding internationally (such as labour economics during the period of study). In fact, it is imperative to be in touch with current trends, as indicated by the variables language and mathematics. (iii) After taking your degree: Try to maximize your chances of being appointed faculty opponent.
